Alkaline phosphatase activatable polymeric cross-linkers and their use in the stabilization of proteins.
We report the synthesis of polymeric cross-linking agents, poly(glutamic acid) poly(phosphorothioates), and their use in the cross-linking and stabilization of proteins upon treatment with alkaline phosphatase. We have shown that poly(phosphorothioates) are excellent substrates of alkaline phosphatase, yielding thiolated polymers which react covalently with electrophilic groups introduced into the proteins. Three proteins of different structure and function were cross-linked using this method: calf intestinal alkaline phosphatase, glucose oxidase (Aspergillus niger), and (R)-phycoerythrin. The cross-linking of alkaline phosphatase is self-catalyzed since this enzyme catalyzes the hydrolysis of phosphates, unmasking thiolates which react with the maleimide prederivatized alkaline phosphatase. Incubation of buffered solutions of native alkaline phosphatase at 45 degreesC for 7-14 days resulted in a 35% higher loss of enzymatic activity compared to that of cross-linked enzyme. The effect of cross-linking glucose oxidase is even more notable, ranging from 800% stabilization at 37 degrees C and pH 9.0 to 3000% at 37 degrees C and pH 7.4. (R)-Phycoerythrin cross-linked with 1-3 equiv of poly(phosphorothioates) and incubated at 45 degrees C for 45 days was 20% more fluorescent than the native (R)-phycoerythrin subjected to the same conditions. The stabilizing effect of cross-linking was confirmed by comparing the rate of loss of quaternary structure of the cross-linked (R)-phycoerythrin with that of the native protein.